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ABST RACT

Surfaces cf CO2 sorbent granules were treated with
various liquid preparations to diminish dusting tendency and
to improve CO2 dynamic capacity. Enphasis was placed on a
screening program whereby granules of LiOH were irpregnated
with solutions of surfactants, organic polymers, and lithium
halide salts. Relative effectiveness of treatrrent was evalu-
ated using a CO2 dynaxric capacity test and a dust test.
Studies show that latex emulsions significantly dirrinish
dusting tendency of LiOH granules with only neglicible loss
in CO2 sorption capacity. LiCl-treated LiCH results in sig-
nificantly improved CO2 capacity at low humidity, but such
treatnent is generally less effective as a deduster than the
latex preparation. Excess loadings of surfactants were re-
quired to diminish dusting to acceptable limits.

iii



TABLE OF CONTEN•TS

Page No.

I. INTRODUCTION 1

II. EVALUATION M!ETHODS 2

Dynamic CO2 Capacity Test 2
Dust Test 4

III. SORbk.NT TRLATIXEIJT STUDIES 7

Surfactants 7
Organic Polymers 10

Polyvinylpyrolidones 11
Acrylic Latex Erulsions 13
Gantrez AN-8194 15
Rhoplex 15
Geon 15
WO-130 15
Additional 1hycar Studies 17
Performance Versus Concentration

of Pycar 1571 17
Curing of 1571 20
hycar elands 20

Inorganic Coatings 22
LiCI and LiBr Treated LiOH 23
LiCl Treatment Effects at Low

Relative Humidity 23
uther Inorganic Coatings 23

IV. PPPLICTION STUDIES 27

Sara] yrme 27
Othei: LiOH Sources 27
i.ioh Velocity Flow Dedustinq 36

V. CONCLUý'z CNS 40

VI. RECOc'2 ,, .DATIONS 42

iv



LIST OF ILLUSTRATIONS

Figure ho. Page V'Co

1 Dynamic CO2 Sorption Test Apparatus 3

'2 Dust Shaker Test Unit 6

3 C02 Sorption by Hycar Treated LiOH 19

4 C02 Sorption at 25.6 C 80% RH cf B~eat
Cured Hycar Treated LiOl[ 21

5 C02 Sorption by LiBr Treated LiOH 25

6 C02 Sorption by LiCI Treatee LiOH
at 23.3 C 25-30% lR! 26

7 CO2 Sorption at 22.8 C 80% RI! by
.911car Treated LiOlf. LiOHi Fror,

Foote M•ineral Company 29

8 C02 Ccrption at 22.8 C 80% PH of
Hycar Treated LiOH. LiOH Fromr
Maywood Chemical Wo~rks 30

9 C02 Sorption by LiCl Treatee
LiOH at 22.8 C 15-20% R11 31

10 C2Sorption at 22.8 C 15-20% Rhi of
LiCI Treated LiOHi. LiOH From
Fcote 1.ineral Corrpany 32

11 CO2 Sorntion at 22.8 C 15-20% PH! of
L21I Tr'eateci LiOll. LiOl! From Lithiur-
Corporation of America 33

v



LIST OF TABLES

Table No. Page No.

I Dusting and CO2 Sorption cf Surfactant
Treated LiOH 8

II Dusting and CO2 Sorption of Surfactant
Treated LiOH 9

III Relative CO2 Sorption Capacity and Dust
Index of PVP Treated LiOH 12

IV CO2 Sorption and Dust Index of Latex
Treated LiOH 14

V CO2 Sorption and Dusting Index of
Gantrez Treated LiOH 16

VI Dusting Index Vs Bath Concentration of
Hycar 2671 17

VII CO2 Capacity and Dusting Index of
hycar 1571 Preparations 18

VIII Performance of Hycar Blends 22

IX Performance of LiCl Treated LiOU 24

X Performance of Lil3r Treated LiOH 24

XI CO Sorption and Dusting Data of Hycar
1531 Treated LiOn. CO2 Sorption at
22.8 C (73 F) 80% RH 34

XII CO2 Sorption and Dusting Performance of
LiCI Treated LiOH. CO Sorption at
22.8 C (73 F) 15-20% R 35

XIII Particle Counts of Dust (0.5-0.64 p)
Eluted From Test beds at 0.22 m/sec
(44 ft/min) Velocity 38

XIV Particle Counts From, Agitated Beds at
0.22 m/sec (44 ft/min) Flow 38

XV Particle Counts at 0,77 nt/sec (150 fc/mnin)
Flow 39

vi



SECTION I
INTRODUCI ION

Various solid inorganic corpounds have been used in
life support systems as chenical sorbents for carbon dicxide.
One of the principal difficulties associated with use of such
chemicals is the formation of irritating dust during rechanical
agitation or when the sorbent bed is exposud to the process
air stream. Some of these dusts are especially noxious and
necessitate use of various filtration schemes.

Previous experiments at MSAR suggested surface
treatment techniques that could retard dusting of life support
chemical sorbents without appreciable loss of carbon dioxide
sorption capacity. The treatment methods involved surface re-
action of the solid caustic chemical with acid to form rdeli-
quescent salts that appeared to inhibit surface dusting.

The objectives of this effort were twofold: to
diminish the dusting tendency of CO2 sorbent granules and to
improve the dynamic CO2 capacity of the sorbent. Of the two
objectives, the former was of prime concern.

Prograit studies primarily used lithium hydroxide as
the test sorbent substrate, as this material is an excellent
CO2 sorbent on both a weight and volume basis. In use, however,
lithium hydroxide readily yields a highly irritable dust.

The experimental prograr consisted largely of an ex-
tensive screening prograrn whereby sirbent granules were im-
pregnated with solutions of surfactants, organic polymers, and
lithiur halide salts. The relative effectiveness of each type
treatment was evaluated using a Iyndric COZ capacity test and a
dust test. The CO2 capacity was measured cynamically by flowing
a 1% CO2 air stream at 27 C (80 F), 801 P11 through test be6s at
a superficial velocity of 0.089 m/sec (17.4 ft/rin) until the
effluent concentration reached 0.5% CO2 . Tendency to dust was
determined by tur.bling the treated granules followed by washing
the fines through a 60-mesh Tyler screen with dry benzene. A
final evaluation method consisted of eluting dust from prepared
beds by an air sweep at several bed velocities.



SECTION II
'VALUATION MTHOLS

Evaluation test methods were required that could
rapidly and reproducibly measure the influence of the treat-
ment methods on the ability of the sorbent to remove CO2 and
the tendency of the granules to form dust or fines. The
methods selected are discussed below in detail.

DYI14AMIC CO2 CAPACITY TEST

The dynamic CO2 capacity of a material can be
described as the total amount of CO2 absorbed up to a point
where the CO2 content in the effluent strear, reaches some
arbitrary concentration. The theoretical capacities of sor-
bent riterial are wel) known, but bed utilization efficiencies
can vary widely with f )w conditions and georetry. To minimize
the scatter of data resulting from changing conditions from day
to day, a control or untreated material was run during every
test. In brief, the test consisted of flowing a 1% CO2 air
st:eam through a prepared bed until the effluent concentration
reached 0.5%. Total absorption of CO2 at this point was a
wr asure of the CO2 capacity. Tests were run at room temperature
with no attempt to control bed temperatures. The test con-
dftions throughout most of the screening program ere listed
below:

CO2 CAPACITY TEST CONDITIONS

Bed Dimensions 15 g charge LiOll,
3.0 cm ID x 3.17 cm high

CO2 Input 1% in clean air

Z02 Effluent 0.5 % (breakpoint)

Relative Humidity 78-80%

Temperature 25-27 C (77-81 F)

Flow Rate 4.0 liters/min or 532 cc/min/
cm2 bed

Superficial Velocity 0.089 n/sec (17.4 ft/min)

The apparatus used to evaluate CO2 dynamic capacity
is pictured in Figure 1. The device is capable of monitorinq
the ef'luent from 6 beds while providing a means of checking
the CO2 influent concentration.

2



4J

~4J
P4
04

C14
0

0
u



The concentration used almost exclusively was 1% CO2
in clean air and was obtained by proper proportioning of air

and CO 2 streams. Proper humidity levels were obtained by
flowing the air streams over and around warm water contained in
a 1000 cc flask in a heating mantle. P!umridity was meaqured by
a wet-dry bulb combination. In operation about 30 liters/min
of test gas was generated, with about 24 liters actually em-
ployed in the test (6 bedc, 4 liters/min each) and excess gas
vented. To drive the gas through each of the beds, it was
necessary to maintain 2 psig on the manifold. Consequently,
all data collected is at a slight positive pressure.

Bed containers were of glass and were adapted fro-
glass frits (Fisher Scientific, Cat. No. 11-136, 30 mm course)
that were treated with dilute HF to minimize resistance to
flow. Overall height of each bed container was 10", giving a
6" height above the frit (45-50 g LiOR capacity). Each bed
in place was equipped with a U-tube to measure resistance to
flow across the bed.

Flow of gas through each bed was monitored and con-
trolled by a flow meter and valve downstream from the bed.
Flow passing through each bed and flow meter was diverted
either to exhaust or to the concentration monitor by means
of a three way stopcock.

CO concentration in all bed gas streams (manifold,
bed effluentS) were monitored by a MSA LIRA, Model 300. Two
scales are available - 0-5% and 0-2% full range. The in-
strument was calibrated using prepared CO2 test cas.

DUST TEST

Some difficulty was encountered in devising a dust
test suitable for the varied treatment methods. Attempts to
measure dust generated by vibrating a bed of sorbent generally
did not impart the same degree of motion to all particles.
This was especially true of sorbent containing high surface
loadings which barely moved under the same amount of energy
input that caused untreated granules to move freely. In the
case of high surfactant add-on, some additives were removed
by the walls of the container that, in turn, trapped additional
fines. The method eventually used consisted of the following:

1. A quantity of sorbent slightly in excess of 10 g was
shaken lightly on a No. 14 Tyler screen. Dust loosely
adhering to the granule and screen was dislodged by a
stream of dry nitrogen.
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2. Ten grams of each treated sorbent was placed in a 60 cc
screw cap jar. Normally, 5 treated and 1 untreated sample
(cortrol) were run at one tire. The device used for
tumbling was a converted ball nill (Paul 0. Abbe, N.S.)
The adapted unit is shown in figure 2.

3. In operation, each jar was rotated at 56-58 rpm for 10
minutes. At the end of 10 vinutes, each jar was allowed
to stand to perrit the generated dust to settle.

4. The contents of each jar and cap was wetted down with dry
benzene and then transferred to a 60-mesh Tyler screen
resting on a 1000 rl beaker. The granules were washed
thorouqhly by a fine stream of benzene fror, a plastic
squeeze bottle. Exactly 180 cc of dry benzene per 10 g
sarple was required.

5. After the washings had drained into the beaker, the glass
jar was washed with water and the washincs added tc the
benzene and dust previously collected in the beaker. About
150 cc of distilled water was added to the beaker and con-
tents mixed thoroughly with a magnetic stirrer.

6. Contents of the beaker (dissolved LiOH and benzene) were
added to a 500 m] separatory funnel and phases allowed to
separate.

7. The water containing the dissolved sorbent was deterrined
by acid titration (0.1N HCl) or flame photometry.

A final evaluation test, used only on selected candi-
date systems, consisted of eluting dust from prepared beds at
several superficial gas velocities. The number of dust
particles in the 0.5 to 0.64 p range was counted by a Royco
Yodel 200A Particle Counter. Experience with this particular
test method was limited.
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SECTION III
SORBENT TREATMEH.T STUDIES

SURFACTANTS

Interest in the use of surfactants was generated
chiefly by the use of surfactants to minimize the spread of
dust during handling of fine chemicals. At first only the
non-ionic surfactants were considered, but eventually this
listing was expanded to include the anionic and cationic
series.

The sorbent substrate selected for study was
anhydrous LiOH supplied by Lithium Corporation of PAmerica.
The method of treating the sorbent with the surfactant con-
sisted of dipping the sorbent granules (contained in flat
trays) into baths of the prepared surfactant solution. It
was not practical to determine the amount of surfactant
actually picked up following this operation.

For the most part, the surfactants selected for
study were recommended by the manufacturer as having a reason-
able stability in the presence of alkali. In some cases,
materials were tested merely because they represented classes
of compounds not previously examined.

The data obtained from screening these naterials is
shown in tables I and II. Bed charge in each case was 15 g.
The CO2 dynamic capacity (27 C [78 F], 80% RE) is presented
as a percentage of the untreated material that was run as a
control on the same day. The quantity of CO2 remcved was
determined by plotting effluent concentrations with tire and
determining areas under the curve wLth a planimeter. The
dust index refers to untreated material as unity. Thus a
dust index of 0.6 indicates that treatment has produced a
product yielding only 60% as much dust as untreated material.
The specific method of treatment consisted of preparing a
bath solution of the surfactant dissolved in a suitable non-
aqueous solvent. Granules of LiOH were spread on flat trays
and immersed in the treatrent bath until completely ccvered.
Dip time was about 15 to 30 seconds, or until all qas (air)
evolution ceased. The treated material was dried at 80 C
(176 F) for 3 hours.

As can be observed frox. the table, sor.e dedusting
can be achieved provided sufficient surfactant is available.
This is especially evident in the L-45 silicone series, where
dusting tendency diminished with increasing silicone loading.
However, the dedusting is achieved at a significant loss of
C02 activity.



TABLE I - DUSTING AND CO, SORPTION OF
SURFACTANT TREAýT! LiOH

Surfactant Bath & Porformanceiraue ha" yp Vehicle Cone. Treated/Utreated Dust Index

L-45 Lilicofic dimethylpolysiloxane 110t Ltlinr 0.5 97 3.0
10,000 Cai'tiutc~es 1.0 980.9

2.0 660.7
4.0 4 9 0.5
6 .0 40 0.6

L-45 Siliccne dipwthylpolysiloxane Pet Lther 0.2 100 0.8
50 centistokes 0.4 96 0.7

0.7 86 0.6
1.0 63 0.5

:..C-3900) Gaua-asinopropyl Nexarle 0.1 100 1.2
Orqanoa. ljcon triethowy vilane 0.3 100 1.1

0.6 95 .9

!,C-4098 L.ilicone snluticn Hlexane 0.1 95 1.1
urgonoasilicon 0.3 87 1.3

0.6 95 1.3

s~-02Silicone. solution 11exane 0.1 100 1.2
0.3 87 1.1
0.6 87 1.3

Lipcnic y5i00-70 t.thoxylatcd Oleyl Totrahydrofuran 0.75 95 1.1
Alco~hc'1 1.1 92 0.9

1.5 95 0.9
2.2 91 0.8

Tcrgit~ol U~n sonionic linear P'eoI! 0.8 95 0.6
Ioais alcohol etaoxylatoi

(.erfac 1300 Z4om11oupic IWoOI 0.8 109 1.1
Polyother alcohol

t..ultunic A-3 Nooticnic polyethrr MlOB 0.8 95 1.1

AntAror a1-344 henionic aliphiatic ?'oEI 0.8 100 1.2
polyether

1.0niC 1211! Nonia-nic polycthrr IVCOH 0.8 95 0.9

Iwccn 40 fionirnnic p-olyc'xy- V4.011 0.0 101 0.9
cutyles.0 soruktal

Iveon NO 14oniE-nic polysorlbate 1400JI 0.8 101 0.9

konex 20 ldabionic poly- fleolI 0.8 103 0.9
ethylene ebiterol
fatty and rcidin acids

8



onI H 47 OD 01 C49I C4

U43 0 0 HO H- a,4 c 4 H) 0 H 0

It 44 V
PEI 4 1

0E40
* $4I 

n eI 0 OO0 0

0EA~O ' 0' 0 oH 0 0 0 0

.4I4~ H HH 
.. 4.4 ,4 H

E-4 4

.4

U).

44 ý40

0

x t0 o
Nu

0 9) Hd .1

o1 u1 0 0- .

4) m0 14 14 00 £.4

u 09 j 3 V1 0
44 L4 4J4 *4 .44) %)9 ).4 44. p 0 M4 *

0 0 
u ru w01 0 (a >

0 0. .~: 
U) -A44 

O4 O 10

0 4) V5 4 C . 0 C "4 ~ 0 .> *

.41 rU 0 0 0~14 09 0 cU 
41 0 

0 MH ý4J _ .4.H-

v -A 4 -4 V U .14 AW -U 1 A4 r. 4J W

0 1 L- w4. c0 1 1. Q 10 14) 10

1 43

Hz 
v

U4 00: F

> 0 oi o ' v
00 N FA H a' r: 00 0 (

V14M A 0 1 9 4

E-4 14 1. Q a u (i 
1 ~



Surfactants were expected to be much more effective in
lesser amounts. The mechanical or physical role expected of the
surfactant was that it would serve as a lubricant in reducing
particle attrition. In additicn, interaction of sirilarly
coated surfaces should aid a larger granile in sequestering or
retaining tiny fragments.

A serious disadvantage of the use of surfactants in
the amount indicated is the likely possibility that air passing
through a treated sorbent bed would sweep surfactant vapor
downstream. The actual toxiological threat posed by vapors of
surfactants is uncertain. In almost all instances, users of
surfactants are cautioned by manufacturers against breathing
of the vapors. Under conditions that C02 sorbents would likely
be used, toxic vapors could readily be swept from the beds with
resulting physiological affects. Recycling the air stream with-
out additional streanr clean up would most likely lead to a con-
centration of contaminated vapors approaching saturatior levels.
In a livited study using free amines (diethylenetriamine) and
Arnmflo 610 (C1 6 amrine), pungent odors evolved from the treated
material.

Although the possibility existed that a nonvolatile
nontoxic material could be found, the data indicated that
surfactants(and monomeric systems including free arines) do
not impart sufficient binding strength to the sorbent granule
to minimize fragmentation and subsequent dispersal of fines.

At this point interest diminished in the use of
organic monomers, such as surfactants and free amines. Although
this particular study did not yield a likely candidate system,
the study crystallized the general type of solution desired.
Envisioned was a film coat that w;ould completely encapsulate

the sorbent granule in a protective yet permeable sheathing.
In addition, it should be nontoxic, nonvolatile, elastic, and
adhesive. Ideally, the film coat should possess a certain re-
activity toward C02, in which case the added weight could be
employed more effectively. These considerations led to the
use of polymeric systems that could be formed in place about
the sorbent granule. This study is described next.

ORGANIC POLYMERS

Water-soluble polymers are used extensively. Con-
sequently, a large nurber of preparations exist. Polymers of
this class are presently used in textiles, cosmetics, food-
stuffs, and also significantly in pharmaceuticals as tablet
binders. The listing of available materials is considerably
greater than indicated by the nurrer of materials actually
screened.

Common to most of the preparations examined is that
the material was available in polymer rather than monomer form.

10



Actually, most of the water soluble polymers exist as emulsions
of discrete particles (500-2000 AO) suspended in water. In
most instances it is only necessary to evaporate or dry the
solution to achieve the desired results that, in our case, was
a continuous but perm.eable film encapsulating or binding the
sorbent granule.

To help narrow the candidate formulations, specific
polymeric materials that were known to pose a gaseous barrier
were immediately excluded. Similarly, formulations containing
plasticizers were also by-passed. In brief, plasticizers are
high boilers (glycols, phthalates, etc) that, during the curing
process, can migrate to plug pin holes. Small openings in an
otherwise continuous film was felt desirable tc lessen the
CO2 diffusional barrier.

Lach general class of material presented a certain
study in itself. Since the original preparation was water-
soluble, a water-like nonaqueous solvent was required. In
addition, the polyrer suspensions reserblee large protein
Molecules in their sensitivity to dissolved salts. Solutions
of high ionic strength generally led to a collapse of the sus-
penson resulting in a solution, which resembled curdled nilk.

The first menber of water soluble polymers to be
exavined was Carpabol (b. F. Coodrich Chemical Corpany). At
the time of the screening, only the fcrrulation ccntaining the
acid ingredients (934, 910) were available. rio be effective
these preparations required neutralization with long chain
amines, which in turn required custom fitting to the solvent
(methanol). The results obtained with Carpabol were unreliable,
due mostly tc the tendency of the viscous or cjel-like rixture
to collapse in the presence of LiOlH.

Polyvinylpyrolidones

A single sample of PVP was examined next. This
material was a memaber of a series supplied by General Aniline
and Film and was identified as Y%-30. The preparation consisted
of a polymer molecular weight of about 40,000. The PVP series
are used as binders, stabilizers, etc and forr hard transparent
films. The manufacturer reports members of this series exert
a certain detoxifying effect on some poisons and irritants.
Samples were prepared by dissolving the PVP in 100 cc of rethanol
and mixing 40 cc of solution with 40 q of LiOH. The treated
material was dried at 80 C (176 F) overnight. Under these con-
ditions total PVP added to the LiOH was absorbed. The data is
presented in table III. The results obtained show significant
scatter attributed to nonuniforr coating. Scatter is especially
evident in the CO2 data. Significantly, the 1.8% loading
effected almost complete repression of dust, althouch loss of

CO2 activity was extensive.

11



II

TABLE III - RELATIVE CC2 SORPTIONi CPACITY AND
DUST IDDEX OF PVP TREATED LiOHl

SPVP Relative CO2 Capacity
Add-On (Untreated/treated) (100) Dust Index

Untreated 100 1.0

0.3 67 0.50

0.5 67 0.56

0.8 93 0.47

1.3 98 0.56

1.5 67 0.28

1.8 20 0.02

12



We hoped, at this stage, that if a filr coating cculd
preserve granule structure, subsequent techniques could then be
ezployed that could render the sare filn perreable to CO2 and
water. There followed several attempts to pretreat LiOUI
granules with naphthalene before applying the PVP overcoat. By
use of subsequent high temperature and vacuum, naphthalene was
expected to sublire from within anO below the PVP coat,
rendering the PV film nore porous. The results were erratic
and the effort was quickly terminated.

Acrylic Latex Lmulsions

Interest in polymeric systems now focused on acrylic
latex emulsions in which r.ncre reproducible and consistent re-
sults were achieved. Shown in table IV are the results obtained
using the Hycar, Geon and Rhoplex series. Results obtained
using a Gantrez sample and a latex erulsion (WO-130) of un-
certain ccmposition are also included.

These sar.ples were prepared by dilitirg 2.5 c of the
as-received preparation with 20 cc cf water and eventually
diluting this solution to 500 cc with rethanol. The lithium
hydroxide was then dipped intc the sclution of the pclywer for
a period of 10-15 seconds, or until all granules were obvicusly
wetted. There followed a 10 second run-off of excess soluticn,
followed by dryinS at 80 C (176 F) under vacuum frr a pericd of
15 hours. These conditions were selected as they represented
conditions that could be corpatible with all of the preparations.
Not all preparations behave similarly. Sore,for exam.ple, curdled
(emulsion breaking) in the presence of the dissolved alkali.
This was especially prevalent when the polyner was maintained
in contact with the dissolved LiOH, as in stored run-off
solution. The significance cf this is that dipping on a large
scale basis is not recommended. Dipping in this instance was
rerely a convenience.

The significance of the data presented in table IV is
that a relatively large nurber of preparations were found to
be effective dedusters. A few items showed increased CO2
activity. hycar 2518 sbcwed excellent depression of dust
formation and also measureable ir.prcver ent in CO2 reroval
capacity over the untreated lithium hydroxide. Lantrez 8194,
on the other hand, gave maxin.u. increase in CC2 activity, but
showed little or no tendency to dirinish dustinc;. :'axirur
depression of dust was obtained with Hycar sarple 1571. This
material reduced the dust to only 6% of the untreated value
and yet naIntained the original activity toward CO;. The re-
sults of the initial screening prograr. clearly indicated the
potential for organic polymeric systcns, even though these re-
sults were outained without atterptint to optirize each prepe-
ration. A prelininary effort was then initiated tc select the
leading candidate material.

13



TABLE IV - CO 2 bORPTION AND DUST INDEX OF
LATEX TREATED LiCH

Relative %
CO2 Activity Dust Index

Polymer Type (Treated/Untreated) (100) (Treate6/Untreated)

Hycar 1561 100 0.12
1571 100 0.06
1572 99 0.11
2518 109 0.09
2570 x 1 105 0.11
2570 x 5 104 0.09
2600 x 94 99 0.75
2600 x 112 99 0.71
2601 99 0,22
26711 110 0.71
2600 x 148 90 0.43

Geon 576 99 0.11
450 x 3 99 0.11

Gantrez 2 AN-8194 110 0.95

Rhoplex L-32 97 0.09
B-15 95 0.68
7C-55 95 0.85
ASE-60 95 0.90

40-130 1  95 0.38

(1) Dissolved in 500 ml UeOH.

(2) Dissolved in 500 i-1 Petroleuri Ether.

14



Gantrez AN-8194

Although the Gantrez sample showed good CO2 activity,
its results as a deduster were somewhat discourag'.n7. ]In
additional series of runs were made with this sanple over an
extended range of loadings. The intent was that since Gantrez
8194 showed no loss in CO2 activity it would be possible to use
higher loadings in an att.mpt to decrease dusting. The Gantrez
concentration in the 500-ml methanol bath solution was increased
from 0.5 to 1.8% in small increments. The results obtained are
given in table V.

The data clearly indicates that although impro'.'ement
in CO2 capacity is possible at lower add-ons, Gantrez 8194 is
not an effective deduster. We must also point out that what-
ever advantage the Gantrez-treated material has as a CO2
scrubber is achieved late in the CO2 perforr-ance curve ii.e.,
in the vicinity of 0.45 to 0.50% CO2 breakthrough, the end of
the useful life of the bed). The absorption curve generally
flattens out in this region and much of the additional CO2
removal occurs during this time interval.

Rhoplex

Little additional work was done with the Rheplex
series. Although a sample (B-32) of this material showed good
performance, it is only a singular sample in a far ily of com-
pounds that were not good performers. As a result, emphasis
shifted to the Ilycar series of latexes where r~uch rore variety
existed.

Geon

Similar to above - no additicnal screening tests
were performed.

WO-130

Sarape as above.

As is .ndicated in table IV, the most effective de-
dusters were in the 1500 and 2500 series of the hycars. These
types are characterized by a nedium to high content of acrylo-
nitrile. ihycar 1571 is a carboxy-rodiflec butadiene-acrylo-
nitrile. The specific preparatior~s also contain an anionic
emulsifier and an antioxidant in a water suspension of 41%
total solids. The pH of the original solution is 8.0 and the
average particle size is listed as 1200 angstrors. The 2600
series, which were less effective, are rodified polyacrylics
and generally yield harder filr ccats. Sample 2600 x 112 is
very hard anct in conventional uses the stiffness approaches
thermosettincj plastics.
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TABLL V - CO2 SORPTICN AND DUSTING INDEX OF
GANTRLZ TRLATED LiOH

Relative
CO2 Capacity

Gantrez 8194 (Treated/Untreated) Dust Index

0.5 110.0 1.0

1.0 80.0 1.0

1.2 89.0 1.0

1.4 86.0 1.1

1.6 89.0 1.2

1.8 83.5 1.2
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Ackditional hycar Studies

An ong the Hycars, 2671 showed maximuir CO2 activity
(actually 110% of the untreated m.aterial). An effort was nade
to see if dedusting performance would improve with higher add-
ons. Bath concentrations were examined cver the range 0.6%
to 0.9% and the data obtained using LiOH as the substrate is
shown in table VI. Although the evidence is not conclusive,
2671 appeared to be inferior to 1571 as a deduster.

TABLE VI - DUSTING ItNDEX VRS. BATH CONCEI'TRATION
OF HYCAR 2671

% Hycar 2671

Bath Conc. Dust Index

0.6 0.5

0.7 0.33

0.8 0.17

0.9 0.33

Several samples of the 2500 series of Ilycar showed
better than 100% CO2 activity. In a head-to-head type screening
test 2518 was comparea directly with 1571 at several concen-
trations. Results clearly indicated the superior performance
of 1571. At bath concentration of 0.9%, 2518 showed dedusting
capabilities rivaling that of 1571, but such results care at
the expense of CO2 activity. For all practical purposes sample
1571 was selected as a special candidate material and additional
testing was initiated.

Performance Versus Concentration of Eycar 1571

Table VII shows results obtained when the Hycar con-
centration in the bath was increased from 0.5% to 1.6%. Results
in general show that with bath concentrations less than 5 cj/500 cc
of methanol the CO2 performance curve generally lies close to
untreated material. As can be observed from ficure 3, the
general shapes of the curves are quite similar. Prelir.inary
inaications are that the most effective bath concentrations
are about 0.7% tc 0.9%. Above this concentration sore less in
CO2 activity is noted, as shown in table VII.
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TABLE VII - CO 2 CAPACITY AND DUSTING IhiDEX OF
L'YCAR 1571 PREPARATIONS

% 1571 % Relative
Bath Solution CO0 Activity Dust Index

Untreated 100 1.0

0.5 108 0.21

0.8 99 0.71

0.8 105 0.14

0.9 100 0.11

1.0 --- 0.12

1.2 90 0.097

1.4 --- 0.091

1.6 83 0.06
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The data shown in table VII was obtained from a naw
shipment of LiOl' (Lithium, Corporation of Anerica) that was 50%
less dustier than earlier material. Actually, difference in
acount of dust resulted from working the bottor of the old
(versus the top of t~he new) LiOH container.

Curing of 1571

Adaitional reaction in the deposited Hycar film can
be induced at elevated temperatures. Vany of the Ilycar series
are terqperature sensitive and undergo additional cross-linking
at increased temperatures. The manufacturer stated that 1571
may be cured through a reaction with zinc oxide and sodiurd
alumnate° A conventional cure system zinc of ie and oxide,i
and accelerator may also be used tc obtain a low elongation,
high modulus anu high strength procuct. In general, curing of
Hycar 1571 ray be effected at room terperature or elevated
temperature, depending upon thc added ingredients. In the
studies that followed, high temperatures alone were used. In
general, samples were prepared in the usual manner but dried
under vacuum, at the indicated temperatures for 2 hours. The
results obtained are shown in figure A for two different
terperatures; 120 C (248 F) ana 160 C (320 F). These pre.-
liminary results indicated that temperatures of 160 C yiele a
product with maximum dedusting and minimum loss of CO activity.
However, the beneficial effects of high ter::perature observed in
this set of data were not completely substantiated by sub-
sequent tests, In fact, the performance of high temperature
cured material is somewhat uncertain. Theoretically, crcss-
linking the deposited polymer should have resulted in a tighter
film that ordinarily should have decreased gas permeability
and improved dedusting. The reverse effect, that is, increased
C02 activity with increased temperature undoubtedly is achievec
by the increased permeability, resulting possibly fror therral
degradation of the film. The effect of curing at high tempera-
tures is therefore somewhat uncertain. In any event, treated
material can be exposed to 170 C (338 r) for 11 hours with nc
serious adverse effects, although sore discolozation occurs.
Use of high temperature was most appealing since such treatment
would remove trace solvent residuals prior to use of the
chemical.

Rycar Blends

From a practical point of view the physical properties
of the film coat renained largely unknown. It was therefore
of interest to compare an exceptionally hard coat with its
opposite (an exceptionally soft coat) and mixtures between
these extremes. For this reason synthetic blends of "hard"
2600 x 112 were mixed with soft 1571. A total of 4.0 g cf the
coribined hycars was diluted to 500 cc with methanol. The blends
and compositions are shown in table VIII. The lithium hydroxide
was treated by the dip method and, in this case, treated material

20
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TABLE VIII - PEPFOP•JANCE OF HYCAR 8LEhDS

0 Relative
2 M oosition CO2 Activity

200x 11 2571 (Untreated/Treated) Dust Index

100.0 0 97 0.18

87.5 12.5 97 0.21

62.5 37.5 97 0.14

37.5 62.5 96 0.12

12.5 87.5 95 0.09

0 100.0 96 0.14

was dried at 160 C (320 F) under vacuum for 1.5 hours. Under
these conditions (increased drying temperatures) Hycar 2600 x 112
improved considerably and in fact rivaled the performance of 1571.
This data indicates a number of polymers that could have been
applicable if effort were to be directed towards optimizing each
set of conditions.

IiNORGANIC COATINGS

Inorganic coatings, because of their negligible
volatility, were of special interest. In terrs of film coating,
the number of likely candidates would be extremely limited,
since gas permeability is favored by an amorphous or plastic
like structure and not by rigid crystalline types characteristic
of the inorganic.

Selected starting point were salts that were rxtrerely
hygroscopic and major emphasis was liritee to the haliec2s of
lithium. The method of treatment was again by dipping. This
methcd was selected to achieve a more controllable an6 uniform
amount of loading, especially in the low level region

The literature shows previous use of inorganic salts,
especially in the early formulations using lime. In most of
these instances, the additive was incorporated into the sorbent
during formulation. For our purposes, a surface treatment
applicable to a fi.iskred item was required.
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LiCI and Liar Treated LiOB

The results obtained by impregnating LiOH (Lithium
Corporation of 3aerica) with methanol solutions of LiC1 and
LiBr are shown in tables IX and X. The total lithium salt
adhering to the LiOH substrate following the bath treatrent
was determined by a Volhard Titration, after neutralizing the
LiOH with dilute HNO 3.

The data in general shows the halide treatment to
offer improved dynamic CO sorption over an extended range of
loadings. Dedusting capability is considerably less than
candidate material selected from the organic polymers study.

The significant increase in CO2 sorption data reported
for LiCl loadings of 0.55, 0.92, and 1.67% may have been the
results of a poor (poisoned) control run on that particular day.
In all cases, increasing quantities of the lithium salts produce
significant changes in the CO2 sorption curve. The CO2 removal
curves for LiOH containing 0.08 and 0.95% LiBr are shown in
figure 5. With the higher salt loading, there occurs a certain
inhibition period occurring at the start of the run, when a
high CO2 concentration occurs. The severity of this effect is
lessened considerably at lower loadings. We suspected, but
were never able to verify, that pretreating the prepared bed
by exposure to moist air would diminish this inhibitory effect.

LiCI Treatment Effects at Low Relative Huridity

The effect of LiCi treatment on dynamic CO2 sorption
at low relative humidity was of interest to exanine. For this
study, the LiCl-methanol bath concentration was abcut 1% in
LiCl (5 g LiCl/500 MeOH). Treated LiOH was dried for 3 hcurs
at 140 C (284 F) under vacuun. Bed charge was 10 g and 20 g
with the RH reduced to 25-30%. All other conditions remained
unchanged. The results are shown in figure 6 and demonstrate
the enhanced effect of the LiCl treatment on bed life. As can
be observed, the initial high CO breakthrough has occurred in
both sized beds. In the 10-g bei (near critical bed depth),
the effect is extreme. In the 20-g bed, recovery has essentially
taken place within 5 riwinutes. Additional studies at low RH con-
sisted of varying the bath concentration up to 80 g LiCl per
500 ml of methanol solution. Best results occur where the bath
concentration was 10 g LiCl/500 cc HeOll. 1Normrally, this bath
concentration yields a LiC1 loading of about 1.2 to 1.4% of the
weight of LiO1.

Other Inorganic Coatings

IMiuch of the above performance was attributed solely to
the hygroscopicity of the LiCl/LiBr. In this case, other sirilar
salts might also quaElify. Although a wider spectrur of inorcanic
salts was not exaiined, some runs were rade using aCl2 irpreg-
nated LiOii. in all cases, the 1;OC12 treatment seriously in-
hibited CO2 sorpticn.
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TABLE IX - PERFORMANCE OF LiCl TRFATED LiOH

% Relative
LiCI % CO 2

Add-On Capacity Dust Index

0.054 105 0.24

0.069 104 0.37

0,10 99 0.48

0.11 94 0.48

0.55 x30 0.47

0.92 120 0.47

1.67 120 0.55

TABLE X - PLRFOR!ANCE OF LiBr TREATED LiOH

% Relative
LiBr % Co?

Add-On Capacity Dust Index

0.018 113 0.55

0.020 107 0.50

0.036 110 0.34

0.052 106 0.80

0.080 105 0.20

0.22 105 0.23

0.95 116 0.83

1.07 110 0.42
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SECTION IV
APPLICATION STUDIFS

The previous effort, which was essentially a screening
program, evolved two leading candidate systems. The organic
polymer, Hycar 1571, showed maximiuir dedusting capabilities. On
a relative basis over 90% reduction of dust was achieved. On
the other hand, LiCl-coated LiOJI showed considerable promise of
improving CO? sorption performance, especially in the low
humidity region. Additional studies were focused on the appli-
cation of these candidate materials to other sorbents. In
addition, the effectivenoss of the treatment was evaluated with
LiOH fror different sources.

BARALYE

Although emphasis was placed on LiOH as the principal
CO2 sorbent, some attempts were made to examine Hycar 1571 on
laralyme. In general, the results were unsuccessful. The major
difficulty was suspected to be the high water content of the
Baralyme. To be an effective CO2 scrubber, Baralyre must retain
its water content of about 17%. Hycar, on the other hand, must
be dried to achieve proper film forring properties. Results
obtained wherein Hycar concentrations in excess of those used
earlier for LiCH were applied to Baralyme, dem:onstrated neg-
ligible dedusting. The CO 2 sorption data was scattered but in-
dicated significantly decreased dynamic CO2 capacity. The
results in general showed that special cus om fittinrj of the
treatment method to Baralyne would be required. The same
difficulty would be expected in applying Hycar to other sorbents,
such as scdalime, although Hycar would work best on dry sorbents.

OThER LiOH SOURCLS

At this point the candidate material and treatment
method were actually based on a single source of LiON. It was
of interest tc apply the same surface treatments to other LiOH
preparations. Available for testing was a CO 2 cartridge from
Haywood Chemical Works that was sealed in Auoust 1961. The
material was further identified as Stock No. PF6810-559-3261
and presumably was packaged for the U. S. Navy.

A five pound container of LiON environrental orade
(Mil-L-202130) was obtained from Foote Mineral Company. This
material is more rEfined and is specifically intended for life
support systems (Mil-L-2021BD). The LiOH in this batch is
guaranteed to remove at least 0.7 g C02 /g LiOH. Also cor-
pared in the following test was LiOH from Lithiur Corporation
of America. This latter material also meets the same military
specifications, but its cost is considerably less than the
LiOH obtained from Foote Mineral Company. The intent of the
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following test was to examine the same surface treatment on a
number of LiOH types, each of which could presumably offer a
different svrface characteristic. Samples were treated sepa-
rately by dipping, following the procedure described below:

1. 100 g samples of LiOH were shaken
lightly in a 20-mesh Tyler screen
to remove dust already present.

2. The LiOH was spread out in a thin
layer on a 17.6 cm x 29.2 cm flat
tray of stainless steel screen.
Hycar 1571 bath solution was pre-
pared in advance and consisted of
diluting this suspension with 20 ml
cf water and further diluting to
1000 ml with methanol. A LiCl
solution was prepared by dissolving
the LiCI in methanol (cp).

3. The tray containing the granules was
immersed in 1000 cc of bath solution
in a porcelain tray.

4. Imnersion time was limited to 15
seconds. Each tray was drained for
about 20 seconds.

5. Treated material was spread out on
porcelain dishes and dried under vacuur.

Prior to this time, testing was performed on 15-q
beds. For this test, bed charge was increased to 40 g. In-
creasing the bed charge gave a new bed height of 10 cm to
11.5 m. This height is more realistic in canister use situ-
ations. Ilycar-treated LiCH was run at 80% RH, whereas LiCI
treatEJ LiON was examined at 15-20% RU. All other test con-
ditions remained unchanged.

Six 10-o beds were run at one tire and to maintain a
flow of 4000 cc/ain through each bed the line pressure was
5-6 ci of mercury. Dusting was evaluated using the tumbling
method. Carbon dioxide perfcrrance curves for Hycar treated
LiOl are shown in figures 7 and 8. Similar curves for LiOH
from Lithium Corporation of America are not presented since
treated and untreated were congruent. Figures 9, 10,and 11
present the effects of LiCI treatment on dynamic sorpticn under
dry conditions, R~esults are tabulated in tables XI and XII.

In general the results show that the Eycar treatrent
exerts a significant dedusting influence on all sorbent qranules.
In the samples from Lithium Corporation of Arerica and Foote
Mineral Company no overall adverse effects on CO2 capacity were
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TABLE XI - CO2 SORPTION AND DUSTING DATA OF HYCAR 1571
TREATED LiOH. CO2 SORFTION AT 22.8 C (73 F) 80% RH

Treatmect"Dath Cure CO 2 D:y.Mic Capacity Dust Factor Dust
LIES Source Comuositicn Conditions q C 9,/g Lim sqg Iust/2 LICUI Index

Lithium Corp. Untreate, kWon. 0.77 2.3 1.0
of Arica
NiL-L-20213-D

Lithium Corp. Wycar, 2.5 9 90 C for 12 hrs 0.77 1.1 0.55
of America HzO 10ml .undek 1 sa Ila
MiL-L-20213-D me n 490 ml

Maywood Chem. Untreated Hone 0.8 4.3 1.0
Works
Stock IrL 6610-
599-3261

Maywood Chev. Hycar 2.5 q 90 C !or 12 hre 0.;9 0.66 0.14
Works 10 ml4 0 under I a Ilq
Stock OPL 6310- 141 495 -1
559-3261

Nayvood Chem. Hycar 3.5 9 160 C for 2 hrm 2.3 0.43
works 10 "1 H20m under I rip lq
"lcock IPL 6810- F*e1t :1

0  
u 1

559-3261

hayood Clhem. Uycar 4.0 g 160 C for 12 hre 0.79 1.1 0.23
Works 10 01 1120 under 1 ,m jiq"Stock 4PL 6Slo- "10011 490 ml
559-3261

Foote Mineral Untreated None 0.80 0.7 1.0
Company
EnVironmental
Grade
Lot 1612-7t-3

Foote mineral Mycar 2.5 q 90 C for 12 hr. 0.30 0.24 0.34
Company 10 l it20 under I ma Iq
Environmental fOt1 490 ml
Grad.
Lot 4612-7C-3

Foote Mineral Hycar 3.0 9 160 C for 2 lirE 0.80 0.17 0.24
Coany 10 al H20 under I mam H9
anvircnm.ental
Grade
Lot 1612-7C-3

Foote Mineral Wycar 4.0 9 160 C for 12 hre 0.80 0.31 0.44
Company 10 M1 11 0 under 1 mr, jig
:;vironmental IleOli 490 .1
Grade
Lot *b12-7C-3
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observed. With the sample from I•aywood, increased dedusting
resulted in decreased capicity for CO2. The starting Maywood
material was extremely dusty, averaginq about 7 times the dust
associated with LiOll froTr Foote Vineral.

DLLa compiled on the LiCI treated LiOH shows a
favorable increase in CO2 activity for samples from Lithiulr
Corporation of America and Maywood Chemical Works. In fact,
the treatment produced a superior product for CO2 sorption in
the low humidity region. As is obvious from the sorption curve,
the presence of LiCI on the Foote samples decreased CO2 sorption.
However, the curve for the treated material is characteristic
of an excessive loadin9 (see figure i0. Flow resistance in the
LiCl treated beds both before and after these tests indicated
no increase that would have resulted if serious caking had
formed. Also indicated by the data is the need to optimize
or tailor each prerparation to the particular substrate. Thus,
sapples from Foote Mineral and Lithium Corporation could ,'n-
doubtedly withstand increasing amounts of Hycar add-on since
no observable loss in CO2 capacity was noted. On the other hand,
the Maywood sample showed that even the least amount of Hycar
affects CO2 sorption. Similarly, the LiCI treatment led to
improved products with samples from Playwood and Lithium Corporation
of kmerica, but the same treatment zeriously impaired the activity
or the LiOH from Foote Mineral Company.

HIGH VELOCITY FLOW DEDUSTING

The measure of dusting tendency of sorbent particles
developed earlier in the program was a somewhat empirical test.
A leas empirical method for final evaluation of the dust tendency
was thought highly desirable.

The tendency to split off dust from the surface of LiCH
particles is knoin to become extensive at a critical velocity of
about 2250 cm/nin (75 ft/min). Treated and untreated LiOH
particles were subjected to bed velocities greater (4620 cit/min
[150 ft/min]) and less (1320 cm/min (44 ft/min]) than the
critical velocity. The LiOll from three different sources were
included in the tests. Lithium oxide was included for comparison
at the lower velocity.

A 10-g sample of material was supported on a wire
screen. Conipressed air, which was filtered through an ultra-
fine celluLose nembrane, was allowed to flow from the bottom
to the top of the bed. Particulate matter released from the
test p-.:tic.'es was sampled isokinetically and measured by use
of a Royco Mcdel 200A Particle Counter. Particles counted were
in the size range of 0.5 to 0.64 microns. This is the normal
partic]a size u.sed to monitor contamination levels in "clean"
roomls. Tests at both velocities were conducted on static
material b-,eds. At the lower velocity an additional test was
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run in which vigorous agitation was imparted to the material bed
by means of an electric pencil to evaluate dustinq at considerably
more stringent conditions.

Particle counts obtained over a I min period, with air
flow of 1320 cm/nin (44 ft/min) through static beds, are shown
in table XIII.

The effectiveness of the sorbent treatments is clearly
shown. The Hycar treatment reduced the number of dust particles
by at least a factor of three compared with untreated particles.
In the case of LiOH from the Lithium Corporation of America,
dust was reduced by a factor of 10. The LiCl treatrent increased
the amount of dusting when the amount of additive was 0.8 weight
percent. When the concentration of LiCI was increased to 1.3%,
the dust count was at the lowest level.

The res,,ts of the LiCl treated LiOH were very sur-
prising. Previous results in which granules were tumbled did
not show such favorable performance for LiCl treated material.
A possible explanation for the dedusting performance of the 1.3%
LiCl add-on is that it yields dust with a minimur. quantity in
the 0.5 to 0.6 micron region. Another and perhaps more plausible
explanation is that dustin-f was diminished by moisture, perhaps
from the laboratory air used in these tests. Normally, the RH
of compressed air in these labcratories is about 25%. Time
did not permit the exar.ination of the dedusting performance of
LiCl treated LiOH after exposure to various RI! values.

In table XIV, particle counts are given for the same
flow velocity but with vigorous agitation of the bed. The
third column in the table indicates the amount of dust particles
adhering to the surface of the sorbent particle. The number of
minutes necessary to reduce the particle count to background
also indicates that the 0.8% LiCl treatment actually increases
the amount of dusting. The agitation did not cause any vertical
movement of particles but ciO cause a horizontal moverent in a
circular direction. The agitation did have the advantage of
producing a dust count that gave the appearance of steady state
conditions for a period of 10 minutes. The effect of the Hycar
treatment is less effective but still effects a significant de-
crease in dust. The LiCl treatment 0- ot materially change
the amount of dusting. The various sources of the untreated
LiOH presented striking differences in dusting tendcncy. The
Maywood product gave even less dust at steady conditions than
the Hycar treated Maywood product. The lithium oxide gave
approximately the same amount of dust as the Hycar treated
material. Particles counted at the 4620 cm/min (150 ft/min)flcw
velocity are tabulated in table XV. The differences that were
apparent at the lower velocity were minimized at the higher
velocity. The surface treatment evidently has little effect on
the amount of dist split off at these high velccities. We
thought that at these velocities there is sufficient movement
of the granules to cause mechanical wear.
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TABLE XIII - PARTICLE COUNTS OF DUST (0.5-0.64 u) ELUTED
FROM TEST BEDS AT 0.22 i'/sec (44 ft/ivin) VELOCITY

No. of Particles No. of Minutes to
Initially Counted Reduce Count to

Material in One Minute Background

Hycar treated LiOH (LCA1 ) 112 2
Hycar treated LiOH (Maywood 2 ) 385 4
LiCI treated LiOH (1.3% LiCI) 16 2
LiCl trealed LiOH (0.8% LiCI) 1115 17
LiOH (LCA ) 2 1149 7
LiOH (Maywcod 2 ) 1225 3
Li 2 0 120 5

1 LiOH fror. Lithium Corporation of America

treated with 4 g Hycar/500 ml MeOH.

2 LiOH from 11aywood Chemical Works

treated with 4 g Hycar/500 Neol le.

TABLE XIV - PARTICLE COUNTS FFOP AGITATED BEDS
AT 0.22 r./sec (44 ft/rin) FLOW

No. of Particles Counted in One Min.
Steady Agitation

Material Initially Conditions Stopped

Hycar treated LiOH (LCAI) 1227 500 0
flycar treated LiOBl (Maywood2 ) 291 310 5
LiCI treated LiON (1.3% LiCI) 1776 1900 9
LiCl treated LiON (0.8% LiCl) 3358 2500 11
LiOH (LCAl) 2251 1900 0
LiOl (Waywood2 ) 692 90 10
Li 2 0 593 250 3

1 LiOH from Lithiur Corporation of A-erica

treated with 4 g Hycar/500 ml MeOH.

2 LiOH from IVaywood Chemical Works

treated with 4 c Hycar/500 ml VeOV.
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TABLE XV - PARTICLE COUNTS AT 0.77 v/sec (150 ft/rin) FLOW

No. of Particles Counted
Material in 1 Minute

LiCI treated LiOl! (1.3% LiCI) 3502

LiOH (Wiaywood2 ) 2754

LiOH (LCAI) 1509

Hycar treated LiOH (LCAI) 3491

LiCI treated LiCH (1.3% LiCI) 3502

1 LiOli from Lithium C'-rnoration of America
treated with 4 g Hlycaz/900 ml MeOH.

2 LiOH from Maywood Chemical WJorks
treated with 4 g Hiycar/500 ml MeOIl.
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SECTION V
CONCLUSIONS

The particles released from LiOH during dusting are
approximately 0.5 microns in diameter anc require high efficiency
filtration for their removal. Since particles of approximately
0.3 microns in diameter are known to be the size most effectively
retained in human lungs, the retardation of dust from CO re-
moval sorbents would reduce the engineering complexity oi life
support/CO2 removal systems.

The most superior dedusting coating evolved from the
screening program was a high acrylonitrile butadiene latex
polymer. This material (Hycar 1 5 7 1 , B. F. Goodrich Chemical
Company), when added to LiOH, showed excelv-nt dedusting cap-
abilities. By using a single sorbent substrate and optimizing
the treatment method, over 90% decrease in dust was achieved
with little or no loss in CO, capacity. The latex treatment
must be tailored for LiOH ob~ained from different vendors. While
most of the studies have been done with LiOH fror the Lithium
Corporation of America, optimization of this treatment for
other sources of LiOH has not been attempted.

Treatment of LiOH with LiCl tends to improve CO2
capacity but LiCI is less effective as a deduster than the latex
polymer. LiCl-treated LiOH shows exceptional promise of ex-
tending the use of LiOH into the low humidity region. Data
shows bed life of LiCI treated LiOH at 23.9 C (75 F) and 15-20%
RH is comparable tc the life of untreated material at 23.9 C
(75 F), 80% R.. The primary benefit of LiCl treatment is the
significant improvement in dynamic CO2 capacity when the LiOH
is used in a low humidity environment. This improvement is
apparently a result of the deliquescent nature of the LiCl
coating.

Because of the peculiarities of each scrbent surface
maxinun results can best be achieved by custom fitting the
treatment to each surface. This is the case with LiOH from
different vendors. This specificity is further deronstrated
by the lack of success experienced in treating other CO2 sor-
bents (e.g., Baralyre) with LiOH-optinized treatments.

Surfactants can diminish dusting provided sufficient
loading is present. In general, the critical magnitude of the
surfactant loading is of the order of 1 to 2%. At this level,
however, vapors of the surfactant could easily be swept from
the sorbent beds presenting a possible toxiological threat.
Nonpolymeric or free amines that might improve CO2 activity
also pose a sirilar threat.
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Hycar (latex) treated LiCH appears compatible for CO2
remcval in life support systems where high effi-:iency dust
filtration is not possible. Exarples might be in weight or
volur•e limited systems, such as extra vehicular space life
support or advanced semiclosed cycle SCUBA gear.

Lithiunt chloride treatr~ents are useful fcr systers
where CO removal is done at low huK-idity. Exarples might be
in dry life support envircnwents. Such a chemical might also
be used for CO 2 removal in air breathing systsms, where CO2
might affect system operation. Exarples are air breathing
fuel cells and oxygen concentration devices presently being
developed for aircraft application.
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SECTION VI
RLCOIELDATIONS

Following are suggested areas where promise exists
for further improving the operational capabilities of non-
regenerable CO 2 sorbents:

1, Optimization of water soluble resin and
LiCI pretreatments. Lxarine the role of
the solvent, method of application and
curing process in detail. With polyirers,
application by sprayincj, use of a prewash
with solvent alone, and application of a
series of thin coats are possible means
of optirizing treatments.

2. Examine dusting tendency of LiCi-treated
LiOH after exposure to various am.ounts of
mcisture. Determine the effects of aging
under hunid conditions.

3. Evaluate halide treatments rore definitively
tc further enhance dynamic CO 2 sorption
under low humidity conditions.

4. Attempt to combine Hycar and LiCI treatrents
to effect maximur. dedustina and irprove
dynamic C02 sorption capability.

5. Deterx.ine effectiveness of surface treatnent
for use in semiclosed or closed cycle
single ran breathincq system (-4% CO 2 in air).

6. DefiniLive studies on specific treatrents
for other sorbents such as lithiurr peroxide.
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